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DEVIATION HELD TO A MINIMUM . 


Recorded, and Returned to Control Setting . . by 


STABILOG POTENTIOMETER 


Here is a true record of temperature control] of vapors leaving a 
vacuum tower refluxed with light gas oil. A temporary deviation 
from setting occurred following an unbalance of process conditio1 
The speed with which the Stabilog Potentiometer returned the 
temperature to control setting and the fact that the deviation was 
held to a minimum and quickly returned to setting is evidenced 
by the chart. 

An exact record of results is thus provided... plus a record of 
deviation. It is a good example of “close control'’—the capacity | 
maintain a pre-determined temperature with negligible deviation 
The Stabilog Potentiometer gives you everything you need 
control recording without sacrificing any inherent sensitivity. Re 
cording does not affect the control action nor the measuring 
function in any way—and the 2-inch chart is inexpensive. 

If you are interested in true low-cost recording of control 
deviations you will find the Stabilog Potentiometer an outstanding 
instrument for maintaining efficient operation of pipe stills, { 
tionating towers, and other similar equipment. New Bulletin 194-! 
is yours for the asking. 


THE FOXBORO COMPANY 


46 Neponset Avenue 
Foxboro, Mass., U.S.A. 


Branches in 25 Principal Cities 


Stabiloc 


REG. U.S, PAT. OFF. 





ACCURACY foxsorO RESPONSE 























this wonderful new ease of 





Bl 


between 





nated, the separation 
ury-filled bore and empty bore is 

ch clearer, and more accurate read 

os are possible. 

lavlor “Binoe” Tubing has a triple 

cross-section 


ens construction (see 


lrawing) which allows much more 


to enter the tubing. With a great- 


extended background (see cross 
section) more light is concentrated 


1 reflected back on the 


jumn. It is three times easier to 


mercury 


ike correct readings. 


Let us demonstrate this remark 
ible new “Binoce” Tubing in new 


l ivlor Industrial Thermometers. ‘Test 


reading 


ind see its advantages for vourself 
\ Taylor Representative will give 


ui all details. If vou want quick in 
rmation, send a wire or special de 
ery letter to Taylor Instrument 


Loche ste - Ne W York. or 


Manufacturers in 


mmpanies, 


Canada. 


Short & Mason, Ltd.. 


yrronto, 


it Britain 


} 


ndon, Eneland. 


INDUSTRIAL 
(HERMOMETERS 
vith “BINOC” tubing 


REG. U. S. PAT. OFF 





PRESENT TYPE LENS TUBE 


0 
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NEW “BINOC” TUBE WITH TRIPLE LENS 





This is a cross section (ooking down) of the usual 
Lens Tube used today. You can read this tube only 
by looking along one of the lines shown. The 
angle of vision is narrow. Small background (A-A!) 
catches light only from directly in front. Bore re 
flection is present. 


Cross section of the new Taylor “BINOC” Tub- 
ing. Note increased angle of vision. Also wider 
background (D-D’) catching light rays from three 
lenses (E-E1-E2).The reflected light is much strong- 
er, the mercury column reading is much Clearer 


Bore reflection is eliminated. 








BE ONE of the first to get this New iylor 
Engineer’s Pocket Test Thermometer 
with “BINOC” Tubing. It is offered to 


you to make your own easy-reading tests 


TAYLOR INSTRUMENT COMPANIES, 


Dept. H-2, Industrial Sales, Rochester, N. Y. 
I want to see “BINOC 


y nd ( eniet e il 
, R { DV? | r —20 
i20° I I i} r 1¢ ne range 
uy Send che ney orde 


Tubing. I enclose check for the Engineer's 


Pocket Test Thermometers (with protective case). 


CHECK HERE 


WITH RANGE 30° to 120° F 
WITH RANGE 0° to 220° F 


$1.25 EACH 
$1.50 EACH 
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N THIS ISSUE 


nnounced last month, the Q&A 
nent starts, and Problem No. 1 of 
orum Is given. 

inv of your recent questions have 

ith the use of photocells for 
rements of light, color, turbidity, 
iat we deemed it best to have the 
’s highest authorities give you the 


itive answers. It is a_ privilege to 
Dr. Gibson's discussion 

Ralph Bateher continues his chapter on 

lamental ipplications of the cathode 


oscitlograph. 
The chapter on oscillographs (of all 
in our electrical measurements 
lhook begins with a general introdue 
Oscillography is afield) in) which 
ry Borden has been active since 1910 
en he ran tests which we believe helped 


e possible the effective il!umination 





f Niagara Falls. Anyway, this snapshot 
ows him using an oscillograph in the 
Provinee of Ontario—at Durham. He was 
ung, handsome and British. Today he is 
\merican but otherwise hardly changed! 


The front cover is thus described by 
hn F. Heffelfinger, Engineer, Engineer- 
eX Construction Div., Public Service 
ep't, City of Cleveland: “This control 
nel was installed to permit the super 
tendent to have complete knowledge of 
ditions in all furnaces dav or night 
peratures at 3 points in each furnace, 

in each of the chimneys, are. re- 
led. An indicator (upper right hand) 


ss the reeords for all points.” 


Our Service is Flexible, 
Our Policy Rigid 


iW N this rapidly-changing world, no periodical can long 
| endure which does not frequently adapt itself to the 

changing needs of those whom it serves. Ever to give 
you, through the varied contents of each successive issue, 
the kind of service you need at the time—not the kind of 
service you needed two or ten years before such ts out 
constant endeavor, but in large measure it is vou who 
make this possible, by frequently sending in questions and 
suggestions—by treating Jnstruments as if it were a ser 
vice department in your own organization. We need not 
ask you to keep on sending in questions (these pour in), 
but we must ask you to send in more comments. Absence 
of criticism ts flattering—not because it indicates that you 
consider Jnstruments perfect in its present arrangement 
and contents, but because it implies that you have conf 
dence in our ability to anticipate your coming needs, to 
plan ahead and to make changes when needed 


What you evidently don’t want us to change is our edi 
torial policy—particularly the conduct of the “New In 
struments” Department, as previously set forth on this 
page in unmistakable terms: 


Instruments’ news pages are not for sale The “New Instruments” Ds 
partment is not controlled by advertisers As if their appropriations could 
buy a single inch of our news space! Since the news space is not for ‘ 
we euard its high standard by \ ielding i blue pencil consecrated to the el 


vice of our readers. 


Here’s where w ft th \ | 


rvativ 


This policy remains unmodified and inflexible. And the 
instrument companies—be it said to their credit—respect 
The Instruments Publishing Company's scrupulous sep 
aration of its editorial and business departments. P1 
their respect came to vour editor's notice as he was mak 
up this issue and observed that the advertising space sets 
1 new record. Virtue has its tangible as well as n | 


Frew ards! 











INSTRUMENTS’ READERS AT WOR< 











No. 19—GILBERT C. STAUFFER 


Assistant Manager, Technical Department 


in expert metallur 
st to write inte llign ntly about 
Stautfer’s vears of work on spe 


illovs for electrical and other 


1 yurposes or at least i 

“\ who isn’t awe-struck by these 
LS illovs. AS we contess 

\ Deen ver since We m issed up 
( f our bovhood home with 
wouples and electrodes bear 

vy iriullV S¢é entific names Yes, 
ve Wel d to interview Stauffer. 
st Driver-Harris’ means 

\N : Advance. Manganin 
nd mvsteries f metal 


for the production of in 


‘ nt Vs i subject ol whic! 
“ i] pitifully ignoran lo our 
delig ind relief. we found him to 
sponsible also for quality. This 
s. of course, the determination 








INSTRUMENTATION FOR CONTROL OIF 
QUALITY THROUGH INSPECTION DEP'T 


A—ELECTRICAL MEASUREMENTS 
Resist 


P ble Wheatstone Bridges 24 
Portable Kelvin Bridges { 
Laboratory Type Kelvin Bridges 4 
Temperature Coefficients 
Variable Wheatstone Bridge | 
Mi er Thermometer Bridge 1 
Thermal « 
LA&AN Type K Potentiometers 2 
D citric Strengti f Insulation 
Hig \ ige Tester 1 
Low \ ge Tester 1 
Testing on Resistance Wires 
A.S.T.M. § dard Method Apparatus 74 
G i ivrpose and Accessory 
G s, Oil baths, Furnaces, 
( f rs 
B—PHYSICAL PROPERTIES 
i ‘ ett 
M es WwW ies from 1 Ib. full 
s eto 5 ) bs. full scale 
Hard I 
Rockwell Hardness Testers 2 
Ss fici Hardness Testers 1 
‘ x Type I ga lesters 6 
I kson Testers 2 
B Testers 1 
Scle s 1 
Defle Testers (\ Ss types i 
Expe 
I Ss dards T Q Tube 1d 
LD Gage Ap s 1 


( STRUCTURE AND SURFAC!I 


M urgica Microscope 1 
B Micros s 2 
D—SIZ}I 
Hand Micrometers 100 
Box Micrometers 5 
Filar Micrometer 1 
Projection Micrs scope l 
lorsion Balances 6 
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Driver-Harris Co., Harrison, N. J. 


By M. F. BEHAR 


of measurable properties, by means 
of more or less familiar instruments. 
As the D-H alloys are used largely 
by the electric il industry, electrical 
constants are of prime importance. 
but it happens that many of thes 
illovs are heat and corrosion 
resisting as well. The Inspection 
Department therefore has splendid 
facilities for physical tests as well 
is for electrical determinations. Ws 


suggested to Stauffer a scheme of 


listing his instruments on this page. 
he made up his own, which gives 
vou an excellent idea not only of his 
quality-control work but of his own 
orderly mind. 
Though born in Wellsboro. Pa. 
1894), Stauffer has lived in New 
irk, N. J., and vicinity since he 
was thirteen. After graduating from 
the Newark Academy he attended 
Stevens Tech for two vears, trans 
ferred to Lafave tte and 
come—left to enter the Heavy Artil 
le r\ School at Fortress Monroe. Va. 


war having 





\s a Lieutenant he served wi 
t2nd C.A.C. in the A.E.F. In 
he resigned from the Army to 
his present employer. Sever 
vears) work on special alloys 
you wonder we stood in awe 

accomplishments ? Well, it t 
out that his hobby is gardening, 
he has a wife and two children. 
he belongs to the A.S.M.. to 


Stevens Chapter, and that 
instruments and Instruments 
In the background of the snay 
below, vou can dimly see galvano 
ters nested in anti-vibration s 
sions which, if your memory, 


eves (and the printing) ar 
vou will recognize as “Brevoi 
rather than “Julius” suspensions 

Now, then, it was in the May 1] 
Instruments that Dr. Brevoort 
how he licked the galvanomet 
bration problem at the Bure 
Mines’ Amarillo station. 

So what? So it proves that Sta 
is not only an old subscriber bu 
alert one, carrving out the ide 


finds in Instruments. 











RK HE MONTH’S NEW INSTRUMENTS 


In this department we strive to re- 














port each month ALL the new devices 


Neon-tube Oscilloscope Cathode-ray Osei llograph 


for measurement, inspection, testing, 
is new electronic dey ice know nas metering and automatic control—in a ( ( : 2 
Neobe Wil Oscilloscope” l LYaseous V pe bos ( t che 


ce False SA emnalciredh 0 ani. vie the form of concise technical descrip- denies 


e wave pattern under investigation, tions. ing. It is the 
essure in the tube being such that f re Cory ted 


When writing to manufacturers 
directly, please mention this depart- 





ment as your source of information. 





Or write to Information Section, 


Instruments Publishing Company. 








Lk” calibrated sereen. Thus, 12” of bare 
coppel ire ittached to end of shieraded 
cable connected to Input terminais 


vides sufticient pick-up to “indieate 


60-cvele line five feet wav.” The unit 
measures $8 l 13 hig ( 
eighs 25 Ibs. I ‘ S etche 
chrome Hnish: cabinet Ss tinished 
black erackle and is fitted ith ( eC! 
handle. For demonstrations of a-c. pl 


nomena, sound, pitch, timbre, frequen 


nd \y ve-form, i specta high-haelit 


ervstal microphone is supplied to cor 





nect directly to the input termi 


out the use of a pre inpiiher AL spe <a 




















Fig. 1 “e 
IS provided uso to connect directly to er 
e area of the glow covering the cath the output of the amplifier so as to pr Mipletenes tT this unit, ( 
de is proportional to the current passing duce the identical sound that is presente : y farge : 
rough the tube. On alternating current, on the sereen. Radio laboratory applic Exact € a , | 
e electrodes glow ulternately Both tions include checking modulation, ar the hig oltage ed, the ee 
ving elongated, the leneths of the olow plifier fidelity, hum tracing, distortion, Orililant t t it? be re 1 
portions are proportional to the vain measurements, ind receiver sens Nn Gayngne ar a ce of 40 1 
nstantaneous currents. The image of the tivity and response. The amplifier unit re twe pow! Pee 
ube being reflected from a revolving can serve also as a portable power an olage for the ¢ 
irror with axis paralled to the tube plifier system or modulator for a sn r hypatet  Maags, 
is, the wave form appears as shown transmitter. The manufacturer uses the nt the omen, eT na ( 
Fig. 2, the dark space between its Neobeam Oscilloscope for production set | or COSEEIN 
oO halves being the space between the tests, electrical balancing, motor and betuhisg.- tect po ~— 
of the two electrodes in the tube phase load study, and general laborator from 1500 to 3 olt | 
‘his tube measures 6 overall by 1 work. With reasonable care, I MN =‘ omage permits the mn 
liam. and is filled with purified neon may be photographed. Sundt Engines ee eer OF gy-epcee 
The two electrodes, each 2” long by I. mg Company / Lines lve recep ; cys CEP COPCUNs P ae 
diam., are set at each end of the tube SO cago, Ill ceptor r a A ‘ . 
s to develop a 4” image. The ignition ‘ a ge he 
votential of 200 volts is supplied) from p “igs cided oO ( ( 
wer generator, made up with a 61.6 Telescoping Gage (7 ee ORR Tag Seem oe zs 
the front ine B meat t 
What is said to be the very mntro ) vossible 
real need for a telescoping gage ee | nal nad sweep voltages to the deflectio 
to measure under is met by plates ir rious combinatic I} 
Py new “No. T9AA,” range ; = Is complete ( erated from 11 
to As in maker’s larger x volt miair nd : power 
gages, the handle can uwavs iS rs tt Ii /¢ } Dull / 
f be locked in the center of. the : f ‘ ] Uppe V t \ / 
plungers This distinctive fea <coem, 
ture is said to permit — the 
tool to enter a perate 
Fig. 2 small and slotted openings. This Cathode-ray Tubes 
ner “No. TOAA being an ad 
‘ Beam Power Tube as a 100 ke. r-f. os dition to a line of telescoping \ me ( ( 
; itor feeding directly into the neor gages, consists like those of ‘ , 
scilioscope tube to keep i. constant glov knurled handle and two plung the 34-X TH, 54-XH nd O1-8-]] 
the tips of the electrodes. The input ers, one telescoping into— the 19 r 
otentials are unplified by a 6J7 and other, both under constat it ‘ 
1.6 high-gain audio amplifier and im spring tensior nd cked Dy nd the addit { 
ressed on the power generator. The re slight turn of knurled = scre\ toe bet weer ( 
lving-mirror sweep is controlled with a Maker announces 3O several * “4 creen, these tube 
Vari-Speed motor unit calibrated it sets of gages, the most com j © 
npn 1 direct-reading feature per plete set consisting of six gages i.) 
) ting frequency determinations. One nd covering the entire range, t bst th \ ner e ( 
icrovolt input is sufficient to proauce to 6 The Luft Rule i onvel eTvice t¢ file / DuM 
scale deflections of the image on the ( Saqinai Vich = Laboratories, 1 Upper M VJ 
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“ON TRON SYSTEM 
The Mark of 
Effective Control 








Process Control for sensitive. stable 
automatic control of temperature, 
pressure, liquid level.flow and other 
factors as applied to industrial 
processes. Responds to changes 
quickly.without overtravel or hunt- 


ing. Ask for Bulletin No. LOL. 


Combustion Control that is simple 
but complete for providing econom- 
ical operation 
of boilers of 
200 h. p. and 
lerger. Details 


in Bulletin 


Boiler Meters 


for recording 





combustion 


Recorder-Controller 


conditions and 
guiding boiler operators. Described 
in Bulletin No. 44. 


Multi-Pointer Gages for indicating 
factors such as draft. pressure, tem- 
perature and speed. 
These Gages are avail- 
able with any number 
of pointers and any 
scale combination; in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 


cating, recording and 





integrating the flow of 
steam, water, sewage, 
air. gas and other fluids. Bulletins 


No. 39 and 300. 


Recorders for pressure, temper- 
ature, drafts, liquid level and other 


factors. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 


INSTRUMENTS 
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Spot Weld Testing Machine 


Pris rily intended for accurately test- 
( ( elds i ryote 

( ene! é Lie esting LO.000 

( s 1 he} ) Weld lester 

can be rolled fron 

ce to place and 


provided 


2 


center of 
itv, and weight 
of approx. 800 Ibs 
ire said to make 


it “ideal for port 


ible service.” \n 
S dial indicates 
the oad Fhe evl 
inder, located il 


{ 


op of machine, 





has | dian 

ram with 2 

troke hhuid pres 

re is supplied by a gear pump in the 

! ‘ dire> connected to a Hp. motor 
Self ivnine, lever ope rated grips ire so 
esi ead t ray, sharp faces can. be 
quickly st ed at lo cost, being made 


; 


short sections of machine-cut files 


Lpper grip is of open-face vpe: lower 


vith wide-angle 


rrip is of closed Tv ye 


entranes These vrips will accommodate 
offsets in)’ welded specimens from the 
smallest wage to thick without using 
backing plates or liners. Specimens up 
to 1! vide can be tested. Diamond grip 


. - ; 
maers are Cut 


from solid blocks of high 
rbon steel. Top and bottom handling 
levers are set at right angles to permit 
convenient operation. All working parts 
ime ecessible by removing front cover 
ite Baldi Southwark Corp Pa 


Sta Philade phia Pa 


Extensometer 


Marking of gage points on the speci 
men is unnecessary when using the Ken 
von - Burns - Young Extensometer. This 
new device is a 2 ive length extensome 


ter of extremely light construction whose 


hardened gage points el isp the test speci 





derived from coil 


pressure 


springs. The frame is made in two dis 
tinet halves, one tele scoping into the 
her \ eage passes through slit in 
is. frame hich idens by reason of 
eparation of thre two halves is the 


specimen stretches, thus permitting the 


edge to pass farther through the. slit 


until the specimer fractures, when. the 
>» halves t, each clinging te irt 
| e broken specime nad lettin the 
eda } SS il thre \ hroi h The 
| { ~ ead nig he sli HV means 
Tt Cl ] neu over I ev a t 
end. of tension cord This cord turns 
! ( rH rt a-detorn l rec cle 
‘ hie stvilus ( ss thr cK ce 





} 


drum oi ecordance with the p 
design of the recorder itself 7 p 
of the wedge determines the 
tor of detormation as recorded 
drum thre steeper the slope the 


thre Mnagnihecation Devices Is Dul 
ICCTISE Troms the American Rolli 
Co baldwin-Southwar] Corp pP 


Sta Philade phia Pa 


Oscillator-and-Multimete; 


“Model 540-740" direct-readi: 


reneratol na olt-ohim-milliann 
rhe “Toanger-Examiner™ combi 
CHU in one CASE two unit 
equipment for use of service me 
“eA” signal evenerator unit has 





type coils tor the five frequenc 
from 110 to 20,000 ke. All readis 
direct. Each coil is) individually 
brated by peaking with = trimmer 





densers \cecuracy is within 1¢ 
110 to 3,000 ke, 2% for higher 
The “740” volt-ohm-mi 
Priplett inst? 
reading: 10-50-250-5 
d-c. and a-« volts at L000 ohms per 
1-10-50-250 d-e. milli unps; low 


0-300; high ohms to 250,000 at 1.5 


quencies 
meter unit has a 3” 


with scale 


(Provisions for higher resistance 1 


idding 


ings to 2.5 megohms by 
volts of external batteries.) Combi 
metal case measures live” rl 

41”, with compartments for accesso 


Readrite Meter Works, Bluffto ( 


Molded-seal Armored Resistors 


Hermetic sealing provides prot 
gainst humidity and electrical | 
in new “Series MR” wire-wound mi 
clad resistors: and continuous cor 
between winding Core ind Bi 
molded insulation, plus a snugly 


metal ] icket ¢l unped flush val 
metal chassis, are said to provide l 
mum heat dissipation. Resistance ele 
is fully imbedded so that turns « 


slip. Units are rated at 5 


inding inch when mounted fh 
rhie 1 radiatin Surfaces sate 0 
of 1000 :1n tree air, 2 watts per 
ing inch. Available in wide range 
sistance values, any number of taps, 

me? ; pe I 
(" ] S \ Sirf] N/ ] 
V2 
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esearch Metallographic Outfit 
ncluding complete equipment for work 
bright field polarized light, and dark 

i new research metallographic out 

is ! magnifying ranve from i low 

it of 2.5 to the highest magnifica 
possible with oil-immersion objective 
high-power eyepieces Mquipment 
sists of the inverted microscope units; 
intensity illuminating system with 
er a motor-driven are lamp and re 
nee for d-c. use or tungsten are lamp 

rr i-c, use; 8” & 10” camera, with metal 
mt and rear supports, carried on a 
r graduated to give bellows reading 
rectly; supporting bed carrying exten 
on focusing rods on either side = for 
rse and fine adjustment of micro 
ope: new stand with adjustable shock 
sorbers; large cabinet for accessories 
nd plate holders and adjustable-height 


ioned stool. 


Circular stage is of revolving type, 6 
diam. to give smooth movement, with 
rcumference graduated in degrees. (A 
( can be provided to stop rotation 
en desired. ) Top pl ite of stage is ad 


ible by a mechanical movement 1” 
each of two mutually perpendicular 
ections, permitting rotation of spec 
en on center which coincides with field 
objective. New type vertical illumi 


tor serves not only for bright-field 


but as an analyzer and polarizer 
polarized-light work. Its. efficiency 


mint of initial illumination trans 


ted to object) is said to be several 
es hat secured with conventional 
glass or prism type illuminator 
) erent degrees ot polarization of the 
beam are secured by the rotation 
quarter WAVE plate near the Nicol 
used in vertical illuminator. Dark 


luminator is a rlass cube. with 


stop mounted in a rotating turret 
the vertical illuminator prism. ‘This 
its rapid change from. bright-field 
Olarized-light to dark-field) withou 
rbing focus of objective Two ad irk 
condensers, supplied for use with 


ent power objectives, mount direct 
eneath stage of microscope. \ batters 


objectives and ten evepleces (ives 
I 


nge of standard magnifications for 


ographie work. Objective holder is 
( change tvpe, cente rable . ith 
for positive positioning of objec 
\n entirely ne photomicrographic 
has been deve oped by makers to 
e an intensity approx. 21% times that 


nv existing concentrated homogen 


Ss ight source, Bene it! top of Sup 
I 

rting stand ire located the shock 

roping cle vices: outtit can be sup 


ported on the shock Dbsorbers or litted 
oft DN idjusting levers under top portio 
of the supporting legs \djust ble damp 
ening devices regulate tension on spring 

support lr supporting eos re thy Property DISCOVERED 
housing, thie resistance, rdyustable 1 : 
meter for are mp and transformer for 
Mazda lamp. A) two-drawer cabinet. in 
right end of table ccommodates CCeS 
price holade rs Baus \ 


Lomb Optical Ce Rocheste \ ) 


sorties nd 


*OX-Checker” 


For the production testing, grouping 
nd adjusting of coils and condensers at 
radio Preque neies, new ““Pype LLOA QN\ 
Checker” is) said to provide simple, 





THE RIEHLE “VV” 
Variable Velocity 


IMPACT TESTER 





The most talked about new develop 
dependable method of comparing the @ ment at the American Metals Exposi 
is well wae the L or ¢ ot i radio com ae 
ponent, W ith a given standard. The @ 


“ ae ; ; Whereas, previous impact machines 
of coils is directly read in’ percentage 


operated at only one velocity, this 
new RIEHLE TESTER provides vary 
ing velocities up to 500 feet per sec 
ond! For the first time, your tests can 
determine whether the energy value 


variation from the given standard, the 
standard being rated at LOO] \ com 
panion instrument of the maker's ft) 
oratory “Q meter,” it is intended for use 


by the production statf and is. se 0 Ll ad 2 1+ | +h +h 
: ; + C n the 
viven tolerances for units to be passed on eateries -sncateiy hi ae : 

I i t er 
( per ited by the usual factorv personne rarer ree we w te e mat 
ee ; ial is capable of offering. Also, fa 


it is pre-set by the authorized engineer 3 : 
: ures in service, heretofore unexplain 


or foreman who has access to the cor 
: : | ie ' able, can now be determined in the 
trols within the cabinet. The instrument 

laboratory. 


comprises a power supply, r.f. oseillaton 


100 ke. to 25 me.), tuning circuit and A bulletin describing the effect which 
specially designed = vacuum-tube — volt velocity of dynamic loading has on 
meter ay R rt ( } An fy metals the transition po nt of their 
NV. J particular composition and heat treat 


ment and the details of the new VV 
Impact Tester is ready for distribu 


. es ae Whiten Bic. oe 
Midget Switches lala. 


For use on oil burners and other ap 
plications here midyvet switches ire RIEHLE 
desired, these ne front oper ible I 


DIVISION 


AMERICAN MACHINE AND 
METALS, INC 


) 
EXECUTIVE OFFICES 
100 Sixth Ave., New York City 
a 


FACTORIES 
East Moline, Illinois 





eral-pn e D" safe itches 
ire ilabl ole - NE ' 
lug fuse typ sO ad thre 
Dole SOLE f ler I sf 
ire ( 1 \! _ » Ce 
provider ( er 1 ( CALEE Pr 
IS1O! ! ale ecking swite i! 
ott” 1 iar Wie / Use / ‘ 














New! 





AUTOSYN 


SELF-SYNCHRONIZING 


MOTOR 


TYPE | 


Type | Autosyn motor is a 
reasonably priced self- 
synchronizing motor with 
superior performance char- 
acteristics. One transmit- 
ter may operate as many 
as six receivers. Practically 
any system of remote indi- 
cation or control may be 
solved by the selection of 
the proper type of Auto- 
syn Motors. 


FEATURES 


|. Conventional Motor mount- 
ing interchangeable with 
most standard self-syn- 
chronizing motor elements. 

2. Approximate accuracy: Two 
degrees. 

3. Maximum torque 14.8 inch 
ounces. 

4. Safe continuous operating 
torque 5.6 inch ounces. 

5. Brushes carry no current 
during synchronism. 

6. Enclosed inertia dampener 
reduces oscillation to maxi- 
mum of 3 seconds and is 
adjustable to suit. 

7. Dimensions: 354x39 /16’’x 

53/,”". 

Weight: 5 lbs., 12 oz. 

9. Low current consumption 
and temperature rise char- 
acteristics. 

10. Voltage range for accurate 
and safe operation, minus 
20°/, to plus 10°, normal 

rating. 


co 


DKAAT —~aA 


- 


BENDIX MARINE 
PRODUCTS CO., Inc. 


754 Lexington Avenue 
Brooklyn, N. Y. 











Capacitor Tester 


Complete tests of all radio condensers 
from O.000L to 10 yufd—for breakdown, 
opens, shorts, leakages and capacity 
ire made with “Model 1240” Master 
Condenser ‘Tester, and results read di 
rectly on the 3” dial. Open condensers 
ind those having high resistance leakages 
can be determined with certainty. A-c. 
ind d-c. volt ives are ivailable for break 
down tests up toe LOOO volts in steps of 
2, 20, 60, 200, 600 and 1000. It is said 
that the instrument pointer indicates in 
finitesimal leakages instantly For the 
capacity test, accuracy is maintained by 
i line voltage regulator with shadow 
type indicator. There is also a Good-Bad 
scale for electrolytics. Case is metal with 
black wrinkle finish, 77, gon” x O86". 
Panel is silver and black.--The Triplett 
Klectrical Instrument Co.. Bluffton, Ohio. 


Polyphase Detachable Meters 


All of the familiar advantages of the 
single-phase detachable watthour meter 
ire said to have been retained in a new 
line of polyphase detachable meters with 
two complete elements and disks, which 
may be applied on the same basis as cor 
responding conventional polyphase me 
ters. “Type CS-2" has four current and 
four potential terminals for use on all 
services requiring 1 two-element meter 
vith transformers. “Pype CS-5," which 
may be used on all 3-wire services which 
require a self-contained watthour meter, 
is said to be ideal for 2-phase 3-wire 
services taken from a 3 phase t-wire 
svstem: iso) suitable for ill self 
contained 3-phase 3-wire services. It has 
four current and two potential terminals 
Ihe latter are connected in common and 
only one of them engages with the ter 
minal in the socket depending upon 
whether the socket is installed for ver 
tical or horizontal wiring. By using the 
ring type socket, Type CS-5 meters car 
be applied to sw itchboard or other pane 





Surface Temperatures 








Fiat ‘“ ” 
Stationary The Alnor 

or - - 

Moving Combination Pyrocon 
Curved 

Surtaces Ideal for rolls, molds, 


plates, platens and 
plastic material temper- 
atures. 

Write for bulletin. 


Illinois Testing Laboratories, Inc. 








142 W. Austin Ave Chicago, IIlinois 
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mountings. The “CS-7" detachabl 
ind lighting meter, with seven ter 
is intended for metering combin, 
phase 3-wire power and. singile-)| 
or 3-wire lighting loads taken 
3 ph ise 3-wire delta service he 
phase is tapped to provide Single 
Service (This class of service is 


times classified as “three phase for 





delta.”) It has two dissimilar ele 
magnets. One element has a 2-wire 
rent winding and the other a 3-wir 
rent winding. Both potential coi 
wound for 230 volts. The “CS-8," 
three current and two potential 
corresponds to the conventional 2-elk 
3-current coil, or “21, element mi 
for 3 phase t-wire services. Like 
“CS-7,” the “CS-8” has seven tert 
ind requires sockets having thi 
terminal arrangements. Among the 
vantages of these new meters are gre 
clearances between terminals and « 
quently greater protection against fl 
over failures in the terminal assem! 
This is important where meters are ¢ 
nected without potential transform 
160- and 575-volt services. Suitable 
ets for indoor or outdoor installation 
iailable for each of the new me 
Also, “Type CS-5" is available for 
with a “Type A” case.—Westingl 
Klectric \& Mfaq. Co., Rast Pitts 


Air Pressure Regulator 
Designed for the sensitive regu 
of air pressures <30 Ibs./in.?, nev 
capacity “Type HFS” has a 4 d 
diaphragm which provides a_sensit 


ipprox. Six times that of standard 





regulator, the effective diam. of 
diaphragm is generally 11". Differ 
between actual regulated pressure 
pressure for which regulator is 
amounts to 1 oz. variation for ea 


Ibs. variation of main line pressure | 


is, a variance of 40 Ibs. in man 
pressure will cause 4 07. \ triation i 
regulated air pressure. Diaphragn 
clamped in regulator body between 

brass castings fastened together by 

dially spaced bolts. Special valve des 
ind construction prevent valve seat fr 
cutting into the rubber valve.—- The 

Vilbiss Company, Toledo, Ohio 


D 
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Megohmmeter 





pe 487-A™’ Megohmmeter applies 

imple principle of the ohmmeter to 

ince measurements in the megohm 

re. The requisite sensitivity is ob 

d by using a vacuum-tube voltmetet 

e indicating means. The range is 

20,000 ohms to 50,000 megohms in 

overlapping ranges, so chosen that 

lues of resistance within the normal 

e of the instrument can be read on 

open portion of the seale. The ac 

ev is 5% between 200,000 ohms and 

megohms, decreasing for higher and 

er values. Power is obtained from a 

15-volt, 42- to 60-evele a-c. line. There 

no danger of shock from exposed test 

minals, for their internal output im 

vedance is never 1 megohm and may 

he 10 or 1000 megohms. Applications 

neclude not only the rapid measurement 

high resistance, but the measurement 

many conditions resulting in resistance 

minges, such as moisture or adulterant 
intent Dimensions: 10” « 8” 5! 

er-all. Net weight: 91, Ibs._-General 

0 State Nt... ¢ ambridae. Mass 


Rocking-contact Regulator 


rim irily developed for the automatic 


ttage control of small a-c. generators 
Dut equally effective for industrial auto 
tic-control applications (speed, cur 
tension of strips between rolls, 
c.), new “Type V-1” regulator employs 


le rocking-contact principle of altering 
resistance with minimal work. Its pri 


ry element, responding to changes in 


an” 


. 
& 
e 
e 
& 
a 
F 





e voltage (or other condition) to be 
trolled, is a solenoid. This element 
sitions the sector of the rocking 
fact rheostat through the agency of 
iin shaft to which a dashpot is also 





chanically connected, but a reeall 
ing is interposed between d ishpot 
main shaft these elements therefore 


constituting an anti-hunting system of 


iutomatic control. For the control of 


i-c renerator voltage, thre standard 
“Type V-1L” (illustrated) Incorporates 

series resistor ind volta ve djusting 
rheostat which are in the circuit to the 
potential transtormer where bus-bar 
voltage is taken off. This adjusting rheo 
stat pe rmits the rewulator setting to be 
changed 60 above or below the factory 
setting. The regulating resistors are s« 


lected to contorn 


o characteristics vive! 
to makers by mtrs. of each generator 
ind-exciter to be controlled in each indi 
vidual ipplic ition. \ change-over switch, 
provided for connecting the regulator 


in the exciter field) circuit, affords 

means of placing generator unit under 
itomatie or manual control Hy oper- 
itor using exciter field rheostat {/llis- 


Cha mers Vita €7e.- Mi Wauh €¢ Wis 


Insertion Humidistat With 
Solenoid Water Valve 
For use in the air-conditioning field 
l simplified humidity control consists of 


' “Supreme” solenoid water valve 
mounted on a Friez insertion humidistat 


Advantages are said to be secured by 





‘ 
ate, 


nn 





combining these two items into one unit. 
The insertion humidistat is often pre 
ferred for installation in cold-air returns 
ind cabinet-type conditioners. Especially 
in large installations the insertion mount 
ing humidistat provides i better average 
humidity than can be secured from a 
wall-mounted instrument The electri¢ 
valve, especially designed for humidity 
applications, has a cast iron case with 
terminal chamber for BX connec 
Installation is simplified; and the costs 


; 


tLOnS. 


aol ] ty j - 
reduced, as only one electrical connec 
tion is necessary for the combined unit 


f 


Supreme Klectrie Products Corp 








20 mm. or 0.5 








High vacuua or 
accurate gas pressure. 





Electric Vacuum Gauge 


WINSLOW 
ENGINEERING CO. 
Hillside, N. J 


200 Pennsylvania Ave 

















INCREASE 
BOILER EFFICIENCIES 


REPUBLIC CO, METER 


The latest developments in the 
measurement of CO» are incorpor 
ated in this new design of Republic 


CO» Meter. 


The redesigned RepublicCO» Meter 
incorporates the follow ing important 


featur es: 
e 


Data Book 403, just published 
gives complete description. 


V4 I 


REPUBLIC 
FLOW METERS CO. 


2249 Diversey Pkwy., Chicago, IIl. 
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et us quote you 
on complete 


METALLIC 
BELLOWS 





1 
H ri é WS are 1S€ as ¢ 
t € s te erature a } pressure 
| 
1@ Vice i 1 for guid Pas seals 
' , 
ssors and pumps They are 
e-piece, thin wall eta 
’ i t highest grade, expres j 
€ y's s rpose 
i e X nave except 1 I 1 
t ] the aut atic testing 
' 
€ va Pinal patented 
{ r 2 = t M 
? ry 1 ft i ) i 
Nit etal wa jurl the 
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> 4 
4 i Sat 
nblies. We i é 
t tne an: ase A r ¢ 
Let + ou 
any 
\\ i i ict 
A assemblies rather t ul 
if it 1 
VO1G 
iti VE a 
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CLIFFORD MFG. CO. 


64 East First Streei Boston, Mass. 


FACTORY REPRESENTATIVES 





Riley Engineering Corp., 1481 14th St., Detroit 
Franklin G. Slage!, 923 East 3rd St., Los Angeles 
J. J. Shriver, 221 North La Salle St., Chicago 














Multi-purpose Wide-adjustment Control Unit 


| Dele ying to thre e!l-know1 
lide re Class of automatic controllers 
i! a fer-op rated) and consisting 
if familiar elements, the “Area Universa 
Controller” employs these elements in 
nove ivs both individually and to 
ether to achieve range of applic 
bility said to be far beyond that here 
fore issociated ith the fluid-relay 
< ] example in the tield ot pres 


PATENTED 


N.Y. 
. y 
sn 


sure control, instead of a graded series 





of models, some for low pressures and 
some for high pressures, there is but one 
controller, ipplicable not only to all pres 
sures but to all vacuum-control applica 
tions. In addition, it may serve to control 
large or small flow-rates, and other con 
ditions, without requiring any structural 
changes. Moreover, it is regularly made 
up with two bellows, the “second” ot 

hich may be used in either of two ways: 
1) to make the controller as a whole 
respond to the difference between two 
instantaneous values is in flow control 

or to their sum: or (2) to serve as 
in anti-hunting follow-up. This “second” 
bellows, of course, is either one, the se 
lection being governed by ipplication 
factors 


4 





a2 beidatae 
C U 


Fig. 2 
iv. 2 shows control unit removed from 
Cast nd stripped of its four gages. Ful 
crum ¢ | n usually ced for 
re co ro Lp pride lol Its CNA 
1 ition dqdiusted tro 1 ic of cnsc 
by using SC Te driver at fl for mos 
vacuum-control ipplications, tulcrum § ¢ 


is placed to the right of spring //; for 


control applications ¢ is placed 

een of and 2. For applications where 
e1thn : * f> | ay r\ I spheric pres 
re or here both re naker provides 


vellows enclosed in boxes, giving direct 


ction Hlowever, standard bellows ire 
preferably used for cuum In som 
( ( there ire four distinet classes o 
ipplications with regard to either on 
hoth ind i} being bbove or below il 
mospheric pressure, ind the choies ot 
free or compensated iction gives eight 


possibilities; but since there are three 


nes for the fulerum the total number 





| mbpbinations is twentyv-tour 
1¢ of these, of Course, need 
sidered is solutions of inv Spe 
dustrial tutomatiec-control probl 
Id justments Principal initi 


ment is fine adjustment of fulerur 
tion by means of U’. Tension ot 
can likewise be adjusted from out 
by unscrewing cap (seen in Fig 
inserting screw-driver. Another 
characteristic is adjusted by re 
the flow of compressed ur (or 
nozzle G. Kach bellows, likewise, 
vided with a needle valve to «ce 
its rate of response to change 
pressure, temperature, ete., 
measures. A pair of stop-sere 
the possible motion of bellow 
maximum leak of operating fluid 
nozzle G. The flat spring under ni 
may also be adjusted; removing it 
0.59 sensitivity (in terms of r 


Other features lo change fre 
pressed air to city water as op 
fluid, substitute large-size for sn 
nozzle G and screw drain pipe int 
connection at bottom of cas« ( 


gasketed and all) working parts, 


ete., are of materials suitable for 


draulic as well as pneumatic sy 
Cleansing pins, arranged in the 
tube and in the passages to bot 
lows, automatically remove dirt 


ticles from nozzle and from = adjus 


bellows orifices. With standard 
regularly furnished, an “Areca Uniy 


unit was satisfactorily used to cont? 


pressure of 250 Ibs./in.? using be 
B and then a pressure of 1 0z./in 

bellows - However, a choice ot 
other springs is offered, as well as 

bellows for unusual applications, 
gages calibrated for any requireme! 
initially selecting suitable gages, on¢ 
can be used successively on a nutri 
temporary automatic-control applic 


such as those in an experimental de} 


ment or engineering laboratory, or 


be tried out successively on a numb 


ipplications reported to be contro 
only by human operators, or it « 
installed on one such “difficult” 
tion and from time to time alte 
characteristics until—sooner or 
mode of control is found which 
man’ operator cannot approach 
Reaulators Ine Orange Ss 

f 


eld, N. J 


Panel Instruments 


Iwo new lines of panel i 
| ' 
ire innounced: round (illustrated 


rectangular, but each including 


' 
series of instruments, the bodies 
identical Both 
ind rectang 
require 2 
holes for mo 
hence are inter 
ible VIovenn 
of ne design, 
natural sapphi 
bearings, shor 


Bakelite zero adjuster and. othi 


tures. Accuracy is 29 rectifier 
3%). Each line comprises t elve ( 
ent tvpes, each in all ranges in d 


so that total number of model 
in the round form and 114 in the 
ingular form Simpse lee 

iH \ ie St Chicaado, / 











and Colorimeters’ 


By KASSON S. GIBSON 


Chief, Colorimetry Section, National Bureau of Standards 


Photoelectric Photometers 


INTRODUCTION signed tO measut llumination., reflectame pacity ind 
trie + © ! } ! 

KCENT developments in the barrier-layer type turbidi y “ap Enene eenene be EEE a em dieettlicianay 

; ol photoelectric cell have led to the design ind _— si obtained ‘5 4 SE rough ae aaa m 

ye manufacture of photoelectric instruments adver . - approxmately, with corresponding visual determi 
is “colorimeters,” color matchers, color comparators, — 

or “analyzers,” as well as others advertised under Why then is it desired to “eliminate the human eye, 

names which include “color” as an integral part. if it is, after all, visual values which are sought? ‘Ph 

Several similar instruments are advertised to measur: reason is, of course, that photoelectric instruments can 

ismission, reflectance, opacity, turbidity, or other be made to operate with greater speed and precision and 

; ire less tedious to use in routine work than similar visual 


iv properties; and in some cases extend their range 


pplication by the use of selective spectral filters. instruments, 


In addition, there are similar instruments employing These advantages are considerable and if reliable re 
electron-emission type of cell (requiring an external sults are at the same time obtainable the instrument be 


ige supplv) but otherwise similar in purpose an 
pply) but ot! l pur} | 


to those noted above. 
It 


rticle to point out some ad 


is the purpose of this 

Here at last is that authoritative article on 
using photocells for light and color meas- 
urements, requested by many readers. Dr. 
Gibson discusses the four classes of measure- 


intages and limitations of 
photoelectric instru 


The 


iot include the subject of 


nese 


nents. discussion will 


ments, the various types of instruments and 


comes a useful tool for testing and quality control work 


therefore. of 
to the 
factors affecting results. 


the 


It 


tance 


iS, impor 
Various 


] or 


CONnVEeNnIcnes 


note 


reade rs 


these factors will be dis 
cussed under five headings, 
the first four sections being 


fields of 


devoted to distinct 


spectrophotometers, except , 
: — application, and the last 
is some of the instruments the sources of error.—Editor 
section dealing with sources 
noted may be considered as of error in any type of in 
bridged spectrophotometers. strument. 
lor general information regarding colorimetry and lL. Luminous measurements it hich “color” plays miner 
spectrophotometry, the reader should consult references part; 
1-8 2. Application of photocells ith specti filters in abridged 
. Wa spectrophotometry 
It is generally recognized that accurate spectrophoto %. Photoclectele devices: for auantitative chemi 
netrie data plus adequate colorimetric computations com t. Photoelectric “colorimetry.” 
prise the most fundamental of all colorimetric specifi 5. Miscellaneous factors affectin e reliability of phot 
y ectric is “e Ss lat 1 to color 
itions. With most spectrophotometers, however, the ob electric measurements related 
ining of such data and specifications requires consid 
; é ; 3 . 5 1. USE OF PHOTOELECTRIC CELLS TO DETERMIN} 
rable time. It is because of their relative speed and 
LUMINOUS INTENSITIES, REFLECTANCES, ET 


simplicity of operation, combined with the fact that 


fundamental data and specifications are often not need Hlumination, luminous reflectance, opacity, turbidity 
d, that the photoelectric “colorimeters” have such an ete.. are associated with the brilliance of the Lg@ht or 
ppe al. Their primary purpose is in most eases to obtain. the lightness of the color. but not with chrom ticity 
. ° . . y ? 1 
photoelectric methods, data which will agree with Visually, they depend upon the operation of the so-called 
milar data obtained visually or which will correlate spectral visibility luminous efficiency) curve of the 
vith the results of visual grading. This is obviously human eve, but not upon the chromat sen of the ot 
; ’ , 
of most instruments claimed to give a measurement server. This visibility curve expresses the lation be 
color; it is likewise true of those instruments de tween light and energy throughout the visible spectrun 
the visibility of energy being a maximum in tl \ OW 
1) N 7 } } ! 
i - S Tiaes ( green and becoming zero in th iviolet and intra red 
> \r ( ( I parts of the spectrum. When radiant energ t h 
\ rt ) J Z 
fF S _ Vo eve 1t 18 a omatiecally we ot) d ceording th 
a cs rl LG St oO ( bility ecury Ih observe he mw 
‘ Lolo try, \ in bu thre Cl dest ) i | 
f ( t ( vy. O S Welg ted ent rv. wh 5 ( lig 
| | . . 
( | ( ro} Nevert less \ } il photo 
( H HH ( i wilhric } hy nece \ pDioy n | t | 
\ 7, . 
S y A ( S determine relativ nter “\ 1 
( ’ } 
Vy, Cision if they ire of san ) i i 1 
S. Gil I ( | ( . preeision if thev ar { litte it ma t 
( \ I I ( | , a 
I ' \ J Che visibility « Ss ot anv two obs s 1 
E.. Dy ; E. | | \ notably in relative value through th ) \\ ! 
» | mur trv. q 
S. Gibson. \ Spec t 
, Vi pa > 
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s i ‘ 
! oy listr tion at neasured 
precis nethod of flicker pho 
s W 1] be 78) iined \ ditt nt 
l iriances will depend upon 
| ‘ di it f ‘ 
| ( ( ] ry tive mserve 
| lifter : mg observers are of such in 
i. rh oyptne ) rv tha is indard s i visibility 
lata j sentative of a normal average observer was 
ni nded by the International Commission on Illum 
natio n 1O24 ind has been in use since then. Only 
[ s ch defining set o data can We give 
yuous answer to the proble m ot the 
ous intensities of two lights of differing ; al 
iIromati voor of © luminous reflectance of a chro _ 7 
Now t point to this is that the spectral response 
rves of the various tvpes ot photo leetric cells differ 
“mong themselves and do not coincide with the standard A 
sibility. curve, as is illustrated in Fig. 3. In general, 
therefore. thr values obtaine d with photo le etric ce IIs 
“ t agre with the values derived on the basis of 
| standard visibility data. The extent of departure AINA 
fro such standard visual values will depend on the 
san two tactors that wen rally make visual \ ilues ob : ‘i 
ned by any single observer differ from the standard ef Sade ales a ke ' 
ee “ Fig. 1. Various spectral energy distributions. I.C.I. illuminan I; 
1d ture of the rious specu response Curves Ol A and C are those adopted by the International Commission 
PPO Che MARGATE VIKY Curve, and Illumination in 1931 as representative of incandescent illum ’ 
K ive spectral selectivity in the lights compared inants and average daylight, respectively. Curve D is actua . 
Ih portance of either factor depends upon thi that for the sun outside the earth’s atmosphere, as determined 
ther, as is shown in the following discussion, where by Abbot, but is known to approximate the relative energy dis | 
portance of the two factors is considered in turn. tribution of over-cast sky and of sunlight plus skylight on Hect 
horizontal surface. Curve S is also derived from data by Abbo S5 
I If t spectral response curve ol igiven Ce l] ) a é s a ‘I : 7 ‘ aes 
ne curves are arbitrarily made unity near 550mz. 
luplicated t standard visibility curve exactly, being 
ere by zero in the ultraviolet and infra-red parts of the 
spectrum, would always give correct luminous values 2) On the other hand, there are many measurem 
regardless of selectivity in the luminous intensities com applications for which photos leetric cells are eminen s 
pared. No such cell is available. It is, therefore, a ques suitable and where their speed and precision ren on 
m of the degree of approximation of the cell’s response them greatly superior to the eye. In this field ar 8 
rve to the visib lity curve. These re sponse curves can kinds of geometrical distribution measurements, suc! 
tained from the manufacturers of the cells, along the measurement of the distribution of intensity al 
with other detailed information regarding their operating a lamp or lighting fixture, or of the distribution of refl 4 
teristics If the spectral response of the cell tance at various angles from a surface, where the 
litters widely from the standard visibility curve, the cell tral quality of the light is unchanged throughout. | 
s 1 rt b sed to measure the luminous values of here. however. it is doubtless best to use a cell w 
ghts or objects differing considerably in spectral selec response does not deviate too widely from the visil 
In sor cases, however. the response curve ap curve, in order that unsuspe ected deviations in spt : 
ites the visibilitv curve sufficiently for the user’s quality, even though small, may introduce no import 6c 
se; ora filter is used which converts the response error. Likewise, photoelectric cells are useful for 
ximation of the visibility curve. Even with urements of illumination in different parts of a . 
‘ See ee ors Bae Aka eet oe ; under a given, constant lighting condition, a!lthoug 
} x i ) large errors may result if one at 
s to isure the luminous transmissions or reflec this case one must guard against variations in sp 
s of highly selective materials. The same reasons quality due to variations in colors of the walls, the 
dle it necessary to establish « standard vieibilit< tains, ete. Of course, in many such cases, errors 
r\ tor nal biguous measurements of lights of dif much as a factor of 2 may not se riously matt ae * 
chromaticities. make the use of photo lectric cells. which case no such care need be exercised. ‘The mea trar 
n with a visibility filter, unsuitable for such measur: ment of the reflectance of samples of nearly const +, 3 
nts nless careful tests with a particular cell and spectral reflectance, such as white enamels, or of i 
show this combination to be suitable for the pur relative reflectance of two samples of me irly ident 0) 
vOS selectivity of spectral reflectance, is another field w 7 
, ; the photoelectric cell may prove of great usefulness. 
y , though its spectral response differs somewhat frot no 
standard visibility curve. The limit of such useful? a 





depends on the accuracy desired, on the relative an 
of spectral selectivity in the compared samples, ind 


the deviations of the spectral response of the ce 1] 


the standard visibilitv curve. A cell which was calibr 
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sure illumination from incandescent lights might 
usly in error in its reading for daylight illumina 
\ cell giving reliable measurements of the reflec 


L 


f white enamels might require recalibration for 
' 
i 


reasurements of colored enamels; likewise with 


S. paints, etc. 


OF PHOTOELECTRIC CELLS WITH SPECTRAL FILTERS 


IN ABRIDGED SPECTROPILOTOMETRY, 
usefulness of photoelectric instruments is often 
extended by the use of filters which limit th 
il range of radiant energy incident upon the cell. 
ise of such filters, one after the other. affords a 
spectrophotometric analysis, similar to that ob 
1 when a corresponding visual instrument is used 
similar filters for the same purpose. Filters often 
for this purpose are red, green, and blue, and be 
three stimuli in additive combination are, in gen 
necessary and sufficient to produce and specify a 
r and because the stimuli often chosen produce red, 
n, and blue colors taken separately, it has appar 


y been assumed that the use of any three such filters 


ild entitle 
‘imeter. This is not true, and the necessary conditions 


a photoelectric instrument to be called a 


be fulfilled before an instrument may legitimately be 
da colorimeter are discussed in Section 4. In the 
present section will be considered the use of photoelectric: 
ruments with selected filters as abridged spectropho 


tometers. 
me In a true spectrophotometer one is enabled hy means 
a ‘fa prism and slits to isolate a narrow wave-length band 
alls n the spectrum, and with a series of such isolated bands, 
ned ch of nearly homogeneous energy, to measure relative 
dis spectral distributions of incident, transmitted. or re 
na fected energy. Such an analysis vields a spectral trans 
Dot mission or reflectance curve, or a relative spectral energy 
a c rt Inst . ( 
( S ’ ‘ Vol i 























WAVE-LENGTH — MILLIMICR 


Fig. 2. Spectral energy distributions of the hypothetical Planckian 
radiator (at various temperatures from 2000 to 10,000° K.) arbi- 
trarily made 100 at 590mu“. Based on Plank’s constant ¢ 
14,350 micron degrees. 
(hese curves closely approximate those for various illuminants: 
‘he curve for candle flame is closely approximated by that for 
00°K; the curves for acetylene and vacuum tungsten lamps 
those for 2360 to 2450°K; gas-filled tungsten lamps by those 
r 2700 to 3200°K. Other illuminants are less closely approxi- 
ited by certain of these curves: The bare carbon arc by the 
urve for 3800°K; average noon sunlight (Fig. 1) by that for 
100K; average daylight (Fig. 1) by that for 6500°K; blue sky 
that for 10,000°K. 


istra s n fr paper by Pries 


WAVE 


Fig. 3. Spectral response curves of three types of barrier-layer 
cells compared with that of the eye (the so-called visibility 
curve). These curves are arbitrarily made unity, or nearly so, at 
the wave length of maximum response. 


( trv S n _ 


curve, which if iccurate ly obtained throughout the 
whole visible spectrum) affords the only fundamenta 
basis for general colorimetry. Contrary to the case dis 
cussed in Section 1, in which the ability of the photo 


electric cell to measure luminous intensities was consid 


ered, the shape of the spectral response curve of thre 


detector cell Or ECVE Is ot no consequence in spectro 
photometry, provided that the response be adequate for 
" os 


the purpose and that suitable precautions be taken 
avoid slit-width and stray-light errors 
The slit-width error in spectrophotometry depends yn 


the type of transmission or reflectance curve being meas 


If relative ly non 


selective samples are being measured the slits may be 


ured as well as on the slit-width used 


greatly widened without introducing important errors 
But if we widen the slits until they isolate spectral 
regions comparable to those isolated by filters, we ar 
in effect 
do.”” With certain types of samples, therefore (such as 


“using a micrometer where a footrule would 


it 1S possible to obtain 


spectrophotometric inalvses by means of a 


near-white enamels, papers, etc. 
adequate 
photometer and set of suitable filters, and visual and 


photoelectric instruments for this type of measurement 
have been ivailable tor ve irs 

I. is not amiss to note ] ist what is involved in filter 
photometry of this type If the measurement were 1 1, 
without any til te a the il l¢ yotarne j I aht 1, al nd 
portantly on. the spectral respons f p - ’ 
cussed in Section 1. ind 11S ‘Y = Sas nerg 
distribution of the lu nant. W a ie 4) 

placed n turn at some pos " 
ind the ell th VA yotair i , 0 
pend not only on these two f 5. 2 y 
extent, but in additior 5 : 
extent on tl spectral s ‘ 
measured (as noted r ' 
therefore, be used in two w 

The opera 9 
Val Ls sp ra ar ris g 
Nothing fundamental will . y as 
the various spectr ira S S g 
values obtained will 
[ ntor Ina ly he I sno g 
n cell, illuminant, or filter , 
change with ne mav | j ged 
replaced 
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Cathode-ray Oscillograph Applicatio: ; 


( 


By RALPH R. BATCHER 


Radio engineer; cathode-ray and electronic application specialist, Hollis, L. I., N. Y. 


WAVE-FORM STUDIES” GRAPHICAL ANALYSIS 
\\ e cathode-ray oscillograph will delineate any Phe actual analysis of a particular wave-fo 
tied wave form. the determination of the actual com proceed with either a graphical process or a ma 
I Wms wat rere rally requires a om ithem itical cal one When only One particular harmonic IS 
when either quantitative or qualitative infor ind its order is known, the graphical method is } 
mas to the harmonic content is wanted. It is not larly useful. This method is based on the prince » 
o estimate e number and order of the harmonics if one cycle of a pure sine wave is divided into a1 
nd th relative strength by inspection, although there of equal sections which are then superimposed, t] 
re a few rules that may assist in such studies. Th of the curves will be zero. Fig. 17 shows a sin 
following notes refer to linear time base oscillograms: divided into two sections (A) and into three section 
1. Low-order odd harmonics produc e marked varia in each case the sum of the superposed portions 
tions trom the true sine Wave shape . but the resulting equal to zero. 
curve is still symmetric with respect to the horizontal It will be found that if any harmonies are ] 
ixis.* A given harmonic may produce either a peaked they will also balance out and will not appear 
or a flattened wave. depe nding upon phase relations. resultant curve. except that harmonic whose ord 
even if relative amplitudes remain unchanged. equal to the number of sections into which the cu 
2. Higher-order odd harmonics usually produc a rip divided (or to a multiple of this number) thus in tl] 
ple which is readily apparent (corrugated contour of sultant curve all other harmonics will balance out 
the sine wave) especially with the seventh harmonic or irg the harmonic at its full amplitude. ; 
over As an example if a third and a fifth harmonic is 
}. Even harmonics will always produce a curve that ent, the resultant curve will show the amplitude of 
s non-svmmetric with the true axis.* third harmonic when the curve is divided into three 
t. When certain of these corrugations (due to higher 
order harmonics ) appear in groups that are exaggerated | JN N ae 
n height over the intermediate ripples, it is found that / | \ \\ | 
vO higher-order harmonics are present, both of approx LX 


mately the same order. At certain times, when the two 


ae | 








harmonics approach each other in’ phase, the super B 
mposed ripples are larger. If only one group of these | ' 
ripples appears per cycle of the fundamental, the two ; 
harmonies will have successive orders, such as the fifth 7 
ind sixth. If two groups of ripples appear per cycle of 
the fundamental, the harmonics differ by two, as for in 
stance the fifth and seventh. : 
>. If the actual number of ripples per evele of fun 
damental cannot be counted readily, it often is possible 
to determine the angular difference between successive 
peaks (dividing the linear time base per cvele into 360 
degrees). This might give a clue to the order of the : 
harmonic, or to the average value of the two harmonics 
when two are present. For instance, what might ippear tions, and the fifth harmonic when it is divided into 
» | mn rhth harmonic might in reality be a combina sections. If the resultant curve in either case ap] 
tion of the seventh and ninth, with the characteristic sinusoidal it is probable that no higher multiples 
ippearance described under 4. disclosed harmonic are present. A curve with a t 
Wh these rules may assist in a rough inaly sis, for harmonic is analy zed in Fig. 17C, the three sectio 
ore accurate results the curve should be traced or pho ing superimposed at the left. 
wraphed and analyz d directly, using either a graphi In applving the St principle s to a cathode ray ana 
" ematical analytical method. Individual ex the procedure is to use a sweep frequency equal 
ye nee with one particular type of solution will govern times the frequency of the fundamental where n 
th f tion of the proper time base to use in such order of the harmonic suspected. Reeord the res 
men diagram by tracing or photographing and with dis 
add up the ordinates of the superimposed curves 
tain the resultant. It is necessary that the time bas 
interlocked with the freqneney under test. If th 
sultant is a straight, horizontal line, the nth harn 
( Oo s absent and another trial with a different valu 
\ N should be made. If however the resultant is a sine W 
\ \ that particular harmonie is present with an amp! 
proportional to the ratio of the maximum ordina 
the resultant curve to the maximum ordinate of the 


Continued on pag 
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opy never; 
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which a ‘diaphragm or 


Oscillography 


ie tr M ret t t ( I 


By PERRY A. BORDEN and M. ‘A. BEHAR 


Member A.1.E.E 


Scope and Definitions 


. . P 1 1 , , 
riefly, the subject-matter of this article 1s (1) the visua Ing ar 


recording, for measurement purposes, of variations in the values 
s when such changes are too rapid to be observed by eye o1 
f the types of instruments described in previous articles. In 
ee (Be f electrical aaa paar noe reer es ae { 
nelds OF electrical Measurements and control, the success I 
its, the correctness Of installations ind even the outcome of routi 


pend On the visualization Or recording Of fray] id Variations \ w1ou 


instruments have been developed in order t ike possible such \ 
ns or recordings. In general, they are known as oscillographs. Strict 
x they may be “fivide d into two groups 


| hI 

) Oscilloscopes, which enable an 
values 

) Oscillog 


rrapns, 


which produce a permanent record (“graph”) of rapid 
ns in values 


ure obtained by the use of these instruments: it 
hand on a paper placed over the viewing window 


photograph— either 


>a diagram traced by 
oscilloscope, but it usually is 
scillograph or taken by placing a 


, — 1 
optained directly trom 


separate camera 1n front of the screen 


— ‘ > > “> : agit ‘ > 
ving-mirror viewing device of an oscilloscops 
e oscilloscopes are convertible into oscillographs whenever cameras art 
used, they are commonly referred to as oscillographs. Moreover, “oscil 


always denoted this branch of electrical measurements; “oscil 


so that it is permissible to use the term “osc 


shy” has 
illographs” in 
instruments as one genera 


' ‘ 
rring to potn 


Or Ups ot 


suring devices 


ach group had its beginning toward the middle of the nineteenth 
gdewn of electrical engineering—in t 
French scientists investigating 
nape igms and other delicate elastic members respondit 
firs t “oscilloscopes” were the phonoscopes (still to | 
sodas in which the flame of 
a chanmnier whose bottom was the resonant diaphragm, was viewed in a 
The first “oscillographs French phonographs 
responsive 


hefore the 


acoustic phenomena, employ 
1g to sound waves 


re seen 


an illuminating-gas burner. 


were the early 
element 


carried a needle which 


other 
d the sound waves on the smoked surface of a revolving drum or on a 
vax cylinder. We 

n marks because these phonoscopes and 
than the determination of frequency or 


roughly) in terms 


and “oscill graphs in 
} ] t ner 


} ] 
phonographs cOuUId NOT Pel 


purposely write “oscilloscopes” 
measurements other 


iny true 
could not be calibrated 


(except 


] 1 


1 
us level of intensity, and even when they were 


tude or peak intensity, the visualized or recorded curves were 
d that values at points between the maxima had to be guessed at. And 
up this ; 
ot noder ill y on! e marnonta« +h 
r modern Wograpnic instruments: thi 

le so faithfully tha 


wins Only the types which can do this and are therefore of value t 


iY »] “17 y mw > 1 ad eo ‘TYy TST 1° t 1 
rposely bring 1 deficiency in order to emphasize an essential r 


easured v: ‘riable 


istry will be described in detail. 


Classes of Applications 


1 


ore coming to the instruments themselves, 1t may not be amiss to t 
the kinds of measurements which they are expected to perform. In ever 
t course, each ultimate numerical reading is ined sca 

trom a point on the curve to one of the coérdinate axes of the os 

This is merely what one does when taking off \ sf 
; 

. ordinat ixes, sO that the quest solves s 

s of oscillograms?”——which reall S t ( 

r which s conve t to use Os yraphs?’ 
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Lik pn ALOT TM 


euiee sae . t 
£ nted on rectangular coérdinates. All classes of oscillographs have 


Sa = [IW = theretore, the ability of thus visualizing or recording the variables und 


Within at least one class, however, there are types and varieties arra 
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the production of oscillograms with polar coérdinates, 120° triangula; 
nates, etc 
C4) Pea eee 1. 
entlemen, I, Of the phenomena which are visualized or recorded on rectanoy 
linates. the maporit in be represented hb a ag eae { 
G11 8] Na r1cy in) € repres ited DY simple me records of \y 


] 
se 1 1 , 3 
An osclllograpn then Merely serves as an ultr i-nig yee F t 
rder nd ar 11] + Ls +} : | 
our ‘ ness corder; and an Oscillosce pe When thus use d presents a picture of th 
est ki f graph: with time for he variable for th 


t kind of graph: with time for the abscissa and the variable for th 
Within this general category of time-axis oscillographic applications 
there are two distinct classes 

(a) Regularly recurrent or periodic oscillations such as the alter 
i steady alternating current, the ripples of a rectified current, etc. 7 
be observed with any oscilloscope capable of making the diagram st 
(as will be explained below) and of course they can be photograph 
emuls film or paper because the exposure can be prolonged w 

Chis kind of work is generally known as the determination « I 


ircuit with inductance, etc. These ar 





K1CK pr ung a ¢ 
ransient phenomena, or simply as “transients” and, since they 
+ . hy YOY ] TeTEL ] ] . 
julr otographic recor y, they require the use of oscillographs. 7 
& ] } 4 1 4°99 1 1 1 
il livided, in tu ontrolled ind “uncontrolled the itt 
1 ‘ 17 1 
Oo Ss} il aUXIary apparatus te trigger OM an < sculograpn instant 
t ] . 1 } 
Another classification of time-axis oscillographic applications is 
’ 1 7 - 


ge 
(a) Those in which only one variable is studied: and 

] \ - adnan - m a1 | ] 1] : ] " % ] 
a lit o | (b) Those calling for simultaneous records of two or more magnitu 


oe 8 Te er nee eee nail 
vitnes this class of applications it usually is necessary to use oscillographs rat 
11 TT! ; 1 , 1 ; 
scilloscopes. There are multi-element oscillographs capable of pr 
imber of parallel records on one film 
e ess eve II. The other general category of applications calling for rect 
] 1 + ] - +} } 1 - - - 

t direct coérdinate oscillograms is that in which neither axis represents time. S 


J 


plications are growing 1n industrial Importance from year to year, snc 


f 


] 1 
ire numerous tests of materials and of products which consist in mea 


1 

variations of one characteristic magnitude against those of another. M 
T} . . +: nents of magnetic properties, power factor, power, dielectric loss, et 
a ee oe ments of ag etic properties, power factor, power, dielectric | 
ee thus effected: and double-deflection oscilloscopes have made it possibl 

corder is just such an eye-wit- Lt i : , 
a ploy unskilled labor for the final inspection of magnetic materia 

ness. It reports directly tem- laa a isa om es TOE nee VERE 
as : recelver capacitors and numerous other quantity-production articles 
perature and humidity in per 
Bhi ; 

. 4° y a? oordinate 
cent relative humidity. You do Cor — 
} 1 
In the study of recurrent alternating-current phenomena for ana 


not need psychrometric tables : 
harmonics,~ and in testing Magnetic properties, oscillograms with pola! 


or further figuring after you ‘ ' ' : 
nates, or circular oscillograms, are particularly useful. As with recta 


have read the chart. It knows 


coordinate oscillograms, these may be divided into two distinct classes 
and gives all the answers. In ‘ see : baie cece 
, ing to the inclusion or non-inclusion of time. In general, applicati 

ac is > onl suc ye- 3 . , ; | { 
fact it is the only such eye ing true polar-coérdinate diagrams do not require a time base; whil 


a 
| 


, > > > > ’ PT ad i. 1 > | 
witness in the field of air condi cations which are studied by means of circular oscillograms, the circu 


tions instruments represents a definite time cvcle 


" . 1 ’ 
@Such an accurate and reliable eye- Triangular Coordinates (a) 


witness returns the value of its fee Three-phase machines, apparatus and circuits provide the principal 
many times in time-conserved and in tions for the study of which it has been found useful to employ specia 













































efficient product control. graphs (of the cathode-ray class) with three deflection arrangements 
ipart, each arrangement being in effect a high-speed measuring ins 
Write for Bulletin RM. nnected fe : 
connected at each | Nast 
li . Superposed and ( ombination Diagrams 
: : é = : ; 
ju en P Friez & Sons, Inc. Even without employing a mulfti-element oscillograph, 1€ 1S POssiDic 
“The Makers of America’s mutate the measuring element among two or more circuits under con 
Weather Instruments” study. thereby visualizing or recording with great convenience the s 
Suanciary of und differences in their characteristics 
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Classes of Oscillographs 
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(a) Moving-iron 
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The developments w 
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4. Principles of Vibrating 
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and { foolproof portable pote ntI- 
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basic physical properties of ele- 
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4 Fig. 49-3 


S l I x t other pair 1s decrea 
( tends to rotate the armature about its vert 
[ rma tructur sists of a steel reed the form of a cross 
{ t Ir vist, so that ule the arms of the cross torm a 
{ lit, tne st Maintains it tered 1 tne all ip I 
short Stem ¢ xtending ibove the irmature 


(b) Electromagnetic Moving-conductor 


114 1 


Th Principle OF the moving conductor 1n a Magnetic Neild, similar 
the d’Arsonval galvanometer is based, lends itself admirably 
oses of oscillography and, while it finds application in a number 


be classified in two groups, the string galvanometet 


1 ¢ 


A diagram of the string galvanometer, due to Einthoven (19 


shown in Fig. 49-4 (Cambridge). It consists in 
(frequently silvered quartz) suspended under 


an exceedingly fine fil 
slight tension in the 
nd 


trated field of a strong magnet. The movements of this fibre in 
] 1 } 
lowing in it are extremely minute but reproduce faithfully 


{ 
i 


rent variations. The optical system includes a microscope inserted in 
drilled through the magnet poles parallel to the flux direction, and tl 


vides a shadow of the fiber in a concentrated beam of light. The stri 


+ 


vanometer can hardly be called an industrial instrument, as it has { 


widest application in the medical field, particularly in the electrocardiog 
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Fig. 49-4 Fig. 49-5 
Loop-type Vibrat 
] , 1] n} 
By far the most extensively used type of non-electronic oscillograph 
1 | | 4 ‘ 
levised originally by Blondel in 1891, and comprising a single looy 
es ; 
vire or ribbon located in the field of a magnet. This type of element 
<a ee 
various manufacturers, but the principle 1s essentially the same 1n aul 
‘ eee ee cf «hs plemon nM hk nderct | hy 1 
St re 1 and operation oT the element \ « 1A ere € 


reenor 
I r 





magnet, which may be either permanent or excited, are stretched two 


conductors, a, formed by bending a thin ribbon of silver alloy back 
lf over a small ivory pulley p. A spring, not shown in the figure, serves 
ntain a uniform tension on the strips, and guide-pieces b,b, similar to th 

limit the length of the free 
ld. A small mirror m, bridges across the strips but does not electrically 
t them. The effect of loop is to deflect 


I 
in opposite directions, so that the 


1 a violin, portion to that part actually in 


passing a current through the 
vertical 


mirror is turned about a 


yresentative modern moving-conductor oscillographs will be described 


section 
Hot-wire 


principle of the hot-wire galvanometer was successfully employed by 


— 1 1 1 
1907 in an oscillograph which gives satisfactory performa On ci 


49-6, ( saab Ww 


direct current which 


se 
i] The basic diagram is shown in Fig 
Battery B provides a 


and R., 


frequencies. 
\V, are the vibrating filaments 
les equally between the resistances R 


1 
} 


returning by the filaments 
a7, ane T., 
in series with the oscillograph network. It will be seen 
additive 


1 


voltage to be investigated is applied to the termin includ 


, 
resistance R 


the currents derived from the source to be investigated will be 


se from the battery in one of the filaments and subtractive in the othe 
wattmeter circuit (se 


id W 


voltage 


the equivalent of the thermal 
150) and if the strips W 


heating will vary 


1S obti uned 
1999 


} - 
Is there 


Instruments, June have equal 


page 
across tn 


resistance the difference in their as the 


tern inals é i and _ 
mirror spanning the strips will be angularly deflected in respons¢ 


and will superimpose on a light beam 


so long as the battery voltage is maintained constant. A 


ferential expansion, vibration represen 
tative of the current under investigation. By 
tage, this form of element may be used as 


simple hot-wire oscillograph possesses a degree of 


; ; 
replacing the battery by an ax 





' 
an oscullographic wa 


mperature la 


ts use to low frequencies; but Irwin describes a means whereby 
f shuntin 


heat is compensated for by 


uction and radiation o 


condenser C 


R.. by i suitable 





o— 








Side View , 





| > of Wires WP 
PA. > a Fig. 49-6 Eo 
> i 

Fig. 49-7 ae, See 

ag nn 


(d) Electrostatic 


The element of the electrostatic oscillograph is essentially potential-oper 

rather than current-operated, and is particularly suited to investigations 
relatively high-voltage phenomena. One form is shown diagrammatically in 
49-7 (Cambridge). Two plates F, 


and F,, are excited by a definite fraction 
voltage under investigation, 


this being obtained by means of a volt 
divider made up of a series of condensers C, C, and C.,, 


] 
potential to a suitable value at the terminals a and b. Stretched 


the avc 
which reduces 


in the spac 


tween the plates, and parallel to each other and to the agers , are two fine 
>to] - 0 1 17 
tal strips, insulated from each other and maintained in tension by a silk 


read t passing about a pulley p, which is attached to a light spring g. The 
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more, the 24 tvpes of ‘Truflex cove 
tically ill temperature range 
shaped ind formed to 0 

Send Hl 


GENERAL PLATE COMPANY 


ATTLEBORO, MASSACHUSETTS, U. S. A. 
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Kurman 
OFFERS 

New x 
ie 

Sensitive 


Relays 





SENSITIVE 
14 Milliwatts for positive operation. 
ADJUSTABLE 
Pull up—drop out—speed. 
DROP OUT 
From 50 to 85% of pull. 
CONTACTS 
Fine silver—1%42 amps 110 V. A.C. 


RANGE 

0005 V. 25 amps -to- 20 V. .00065 amps. 
FEATURES 

1C—Wide contact separation. 

2¢ Speed .001 seconds. 
RUGGED 

Some customers report 4 years continu- 

ous satisfactory operation. 


Kurman Electric Co., Inc. 


241 Lafayette Street, New York City 





PYRO opticat prncmeten 










Self-contained, 
Direct-reading, 
Rugged and 
Fool-proof 








Unique construc- 
tion permits meas- 
uring temperature 
of minute = spcts, 
fast moving ob. 
jects, or small 
streams. No cor- 
rection charts no 
accessories, 
Available in new 
type with 3 direct- 
reading scales. 
Stock Ranges: 
1400° to 5500° BF, 


PYRO RADIATION 
PYROMETER 


Ideal for furnace or 
kilm use, Gives act- 
ual heat of material 






















aside from 
furnace or 
kiln tempera- 
ture. Does not 
equire skilled op- 
erator. Stoek 
ranges 1ooo to 
8600 F. 


Write for special bulletins 


THE PYROMETER INSTRUMENT CO. 


103-107 LAFAYETTE ST.. NEW YORK, N. Y 
GRANT BLDG., PITTSBURGH, PA 
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striy i! maintained at a Gennit potential ditference DY Means Of Datt 


I 

having its mid-point connected at d to a point between the condensers ( 
( Upon the application of alternating voltage between the plates F 

the strips, because of their opposed polarities, will be attracted towa: 
posite plates, with the result that a small mirror m attached to them will 
in response to the voltage variations. Light falls upon the mirror thi 

window w, in one of the plates, a similar window w., being provided t 
seri lectrostatic symmetry 


The electrification of some natural crystals when stressed along a 
inal axis Of symmetry was discovered by J. and P. Curie in 1880, and, t 
lowing year, acting on Lippmann's Suggestion that they reverse the pi 
they demonstrated the relation between electrification and changes in s 
shape. Oscillographs utilizing the piezoelectric effect do not seem to hav 
developed until about forty years later. Their chief advantages, obvious 
low cost and simplicity, but each individual crystal element having a 1 
period (tens or hundreds of kilocycles) limited to certain frequency 
tra within which it has a flat sensitivity characteristic. In order to oscil 
mirror, the alternating potential is so applied as to twist a long crystal 
the mirror at one end In andes instruments of this class it is possil 
interchange crystal elements to cover all commercial a-c. and audio f1 
cies. Radio frequencies are too close to the natural periods of most re 
available and readily produced crystals. Piezoelectric oscillographs ar 

ribed in Section 


(f) Cathode-ray 


Some eighty years ago the beautiful phenomena of electric disc 
partial vacua began to fascinate numerous scientists, and in 1876 the 


“cathode rays” was coined by Goldstein, who discovered their perpend 


emission and their deflection by an electrostatic field, and who demonst: 


their rectilinear propagation (which Hittorf had observed in 1859), 
producing the first cathode ray 
ing electron theory in the nineties refined Goldstein's crude apparatus int 


cathode-ray measuring instrument and—just before the turn of the cent 


er 


A eel SL aaa 





Fig. 49-8 


Braun introduced the fluorescent screen which made it into the first cath 


ray oscilloscope. Fig. 49-8 shows roughly the essentials of an e 
ray tube. Between anode A and cathode C there is maintainec 


¢ 


ditference of some tens of thousands of volts. The ait pressure in the tub 


Ing around a Tew ne of an atmosphere, electro Ms are emitted per] 


nstruments. Many investigators of the d: 


} 


1 1 : ’ 
dicularly from the surface of the cathode and travel to fluorescent scree: 


producing a brilliant spot S which can be viewed from either side of the s 
The stream of electrons being negatively charged, it may be <a by 
plates P,P., as shown by the signs, the deflection D being exactly prop 


( 
> no = on eta 

designed and if other conditions ar 

17 


] 
deflections remains exactly linear at all commercial frequencies and t 


the audio spectrum, because the electrons travel at thousands of miles 


t] t | -f 
» the deflecting potential if this potential is constant, if the wf is proj 
kept constant. Proportionality of altert 


second. For use at eage frequencies extending to megacycles, modert 
must have cathode-ray speeds approaching half the speed of light in orde: 
unimize phase error (th unk of the water jet from an oscillating nozzle) 
nodern high-speed cathode-ray oscillograph dates from 1913 wh D 
frst employ: he combination of high volta igh vacua and high-s 
yhotographing—-not in a simple tube but in a complicated apparatus 
For the sake of simplicity, only one pair of deflection plates 1s show 
Fig. 49-8 and the principle of magnetic deflection has not been touched 











non arrangements of two pairs of electrostatic plates will be described in 


8, as well as magnetic deflection coils, electron-accelerating arrange 


ts ind other devices In COMMON use, 


Fig. 49-9 





1) Electrode-glow or Neon-tube 
The area of the glow covering the cathode of a discharge tube is a function 
the current passing through the tube. By using elongated electrodes 
length ot the glow varies with the current, and when a rapidly-alternating 
rrent is applied, each electrode glows alternately so that—to the unaided eye 
“oth seem to glow continuously (see Fig. 49-9). The tube is viewed in a 
olving mirror. Section 9 deals with this class 


a + 


| 
i 
= 
aw 
| / 
| 
| 
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YW 
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| 
x 
i 
| 
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Fig. 49-10 

(h) Kerr-cell 
When an electric field is established in some substances, they become doubly 
refracting. (This is the electro-optic effect discovered by Kerr in 1875.) Car 
bon disulphide is generally used. The capacitor plates are immersed in this 
liquid. The beam of light passes between them. Fig. 49-10 is a sketch of the 


essentials. This class is dealt with in Section 10 
To Be Continued 





Rawson 
Twin Multimeter 





29 ranges in less space than any near 
equivalent combination— 
size 12 x8 x6 


RANGE OF MEASUREMENTS 


List Price $165.00 


The Rawson measuring instruments are the 
only ones having two pivot movements whose 
weight is lifted from jewels when clamped for 
transit. Electrical clamping does not accom 
plish this purpose 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


110 POTTER ST CAMBRIDGE, MASS 
Branch: 91 Seventh Ave New York City 


Representative: E. N. Webber 
1217 Washington Blvd., Chicago, III 

















—\ 0.0001” LINEAL 
2’ ANGULAR 
Use Higher Standards of Precision 


The Leitz Profile Projector jection surface. Large 
brings to the broad field of ma as well as small objects 
chine and tool design a finer pre can be examined with 
cision instrument. equal facility. Precision 

It's a simple unit, too, with all is better than 0.0001 
operating parts accessible to the lineal and 2’ angular. 
operator w ho sits close to the pro If vou are manufac 


turing parts or equip 
ment where threads, 
angles, di imerzers, 
shapes, etc., must con 
form with little allow 
ible tolerance to draw 
ings, vou will find the 
Leitz Profile Projector 
invaluable. Let us send 
vou a bulletin that gives 
all the details 





E. LEITZ, Inc. 


60 EAST 10TH ST., 
NEW YORK, N.Y. 


Washington Chicago 
Detroit 





Western Agents: Spindler and Sauppe, Inc., Los Angeles, San Francisco 





PORTABLE 
Potentiometers 





Rubicon portable potentiometers ar¢ ilable 
variety Ot models and ranges to sui y af 

plicataion such as pyrometry, hydroget 

urements, meter calibration. et These higt 

grade instruments are described in Bulletin N 
270, a copy of which we shall he { ‘ 

you 

We also make resistance boxes, Wheats 

Kelvin bridges galvanon 

standards of resistance induc 

tance, coil testers, split-core test sets g 

testing apparatus, L.G. I j 

RUBICON COMPANY 

Flectrical Instrument Make 
29 North Sixth St. Philadelphia, Pa 




















SHALLCROSS 
Instrument Switches 


TYPE 530 


Single and Double Deck 





The 5 lt rument Swit¢ has 

er esiened 0 I cle hig 

cle ( ensive rot \ it ot 

‘ ynts, to be used i 

circ if tor thre SEC TEC 

t ranwes, tapping resistances, 

tt formers, mratory test equip 
ent nd many othersuses 

\\ e for Bulletin 90-H[] for de 

ct 


IS]HALLCROSS MFG. COMPANY 


tleclucal Measuring Instiument: 
and Accutale Kesutor 
0 Jackson Ave 


OLLINGDALE, PA 














SENSITIVE RELAY 


THE SIGMA 


ingraumen™>. 


*"\wonr, massact’ 


or 





welled movement. Balanced to op 
ate in any position. Positive oper- 
n on 4 milliwatts, D.C. Single 


pole, double throw. Mounts in stand 


d 5-prong tube socket. 
A useful adjunct to 


V.T. controls 
Supervisory and alarm circuits 
Signalling 


ST PRICE, $10.00 


SIGMA INSTRUMENTS, INC. 


Belmont, Massachusetts 





QUESTIONS 


FOR YOUR 





& ANSWER 


DATA FIL e 


INSTRUMENTS receives a constant stream of questions, and answers most of the, 
mediately. A selection of Q&A's, of general interest to most subscribers, and iny 
subjects which are NOT dealt with in readily-accessible sources, will be printed 
month in this Department. Many of our immediate answers, no doubt, are incomplet 
we shall be pleased to print additional answers from readers in position to know me} 


and devices which have not come to our notice. One dollar will be paid for each s 


mentary answer printed in this Department. 











Precision Pressure Gage 
Question No. 1 Subject Index 2.04 
1 precision pressure gage with a 


a“ we ettendima from 0 to 2.0 lbs. /in. 


\ Ihe 


Companys could supply from its stock a 


Department of your own 


we of fair “precision,” so we infer that 
you desire an unquestionable Standard 
vhich can be read to 0.0001 Ib./in. and 
cal “ used for the calibration of 
instruments. We there 
fore suggest a six-foot range U-tube 
manometer, distilled air-free water, and 
i table of temperature corrections for 
the differential expansion of the water 
ind of the brass) seale. Or: A 5” mer- 
curial manometer, with i cathetometer 
or reading miscroscopes und other high 
eatures. With either the water 
or mercury type of Standard, a source 


precision ft 
of clean, dry compressed ir, a precision 
regulator, and an excess-pressure shut 
off valve, are usual accessories: but an 
idjustable mercury column would prob 
ibly do as the source of constant pres 


sure 
Photocell Output 
Question No. 2 Subject Index 5.3 


generating photoe lectric 


rells e made up into dimensions other 
than reported w your columns _— 
What e.m.f. would e generated by cells 
if the following dimensions * * *. Could 
such ce Ss ope rate (us direct 7] 2 


\ Makers of dry disk photovoltaic 
cells can supply them in larger’ sizes 
hose of their stock models, but for 
each type of material there is (a) an 
irea beyond which the resistance-output 
relation makes it preferable to Use i 


yuralitv of cells rather than one large 


unit, (b in optimal size for each com 
mon industrial application, and of course 
( in optimal shape: the circle. For the 


trip whieh vou propose we recommend 
1 row of square cells in close formation ; 
nd, if vour application requires contin 


| ; 
tv. e recommend two rows, like this: 


\s to em.f. generated, the open 
ircuit voltage is of the order of a quar 
ter volt for an illumination level of one 
lumen but this is of little practical in 
terest. The usable output, maximal with 
external resistance matching cell resis 
tance, is of the order of microwatts per 
umen for a square-inch cell. Manufac 
turers issue families of curves giving the 
microamps. ws lumens or foot-candles 
for various values of external resistance, 
ind other characteristics. As to rel LVS 
designed to be operated by photovolt Lic 
cells, there are several makes and numer 


ous models 


Thermocouples 
Question No. 3 


‘We find replace ment of rare 


Subject Index 


couples expensive im spite of of 
precautions recommended hy py 
manufacturers. This is no reflect 
them, as we have to measure te 
lures oftei exceedina O00? FF fre 
high melting pout alloys of more 
mon metals such as tungsten 
have been calibrated so that thei 
CHUrveées have heen published | 
reasons we do not desire to smut 


fo radiation and optical methods 


\ Tungsten vs. moly bade num is 
ple that should theoretically 


usable e.m.f. curve from 2500? | 
the softening-point of your furnace 
fractories, and Dr. H. T. Wensel 

Bureau of Standards m iv be in 


to give you some numerical dat ye 
trouble you will have in welding 
junction may represent a greater 
pense than vou are now incurring. 
over, you will have to protect eac 
ple by a high-grade refractory 
whereas Pt vs. Pt-Rh couples resis 
idation better than any other conn 
cially-available wires. As to your ol 
tions to radiation and optical metho 
if they spring from the requiret 
that temperatures must be continuou 
indicated or recorded on a remote p 
board, we would advise you that 
continuous remote recording is pr 
ible with radiation or optical met! 
the only absolutely essential instal 
condition being sighting-hol 
with the nev remote-reading = opt 
pyrometers a small quartz windo 
serve this purpose because it ea 
h to transmit the 
temperature” spectral distribution 


vo 


kept clean enou 


Special Inside Gage 
Question No. 4 Subject Index 


for readina the inside dia 


of curved lubes, from three 
inches m diamete) within 

Dax a 
inch. Preferably ai electru 


where hy the gage head could be pu 

into the curved tube and a suitable 

ing imstrument ai the end of the tu 
\ Our records do not show that 

special gage which you seek is comm 

cially available. However, there ar 

merous ‘companies which manuf 


suitable indicating instruments for 
receiving end, and which could build 
i special gage head. Inasmuch as the 
side diameters are 3” to 4”, we suggt 
that you consider mechanical and 
draulic gaging systems as well as el 
trical methods 

With regard to mechanical possi! 
ities, the manufacturers of star gag 


} 


such as are used for accurate meas 





of bores of rifles) and = cannon, 
ossibly supply you with a device 

of the star g 
d of the standard indicator, with 


ble connection them in 


standard age 


between 


ff the standard rigid connection 
xible connection is made possible 
recent development of flexible 
with minimal backlash = error 
s is used between the knobs and 
yacitors of automobile radios. 


hydraulic gage, the 
different. There 
dial in 
actuated 


regard to a 
on is somewhat 
imerous manufacturers of 
rs wherein the pointer is 
hellows, diaphragm, helix, ete., sen 
changes; but 


ularly 


volumetric 
that they reg 


to minute 


e no record 





manufacture transmitting 


form of a star gage head, ie ith three 
feelers 120 part Moreover, for ex 
treme accuracy, a temperature compen 
sator would have to be incorporated in 
the system 

Klectrical systems for gaging dimen 
sions with micrometric curacy are on 
the market. The gage heads utilize vari 
ible capacitors, variable resistors, vari 
ible air gaps in 1 magnetic circuit, 
and other principles whereby a minute 
displacement is converted into a propor 
tional variation in the voltage, current 


or frequency transmitted to the indi 


h ave 


eator. Although we seen numerous 
special purpose gage heads, we have not 
vet seen one resembling 1 star gage 








INSTRUMENTA 


TION FORUM 


PROBLEMS —SOLUTIONS— DISCUSSIONS 


Five dollars will be paid for every solution (or critical discussion clearly 


pointing the way to a solution) which i 


s accepted for publication. Address 


Instrumentation Forum, 1121 Wolfendale St., Pittsburgh, Pa. Do not write on 


both sides of paper. Mail before Dec 
accepted for publication will appear in 


ember 15. Solutions and discussions 
the January 1937 issue. 





Problem No. Subject Index 2.05 


CONTINUOUS PROPORTIONAL 
SAMPLING of a LIQUID 


“We wish to measure the flow of 
liquid in our waste water lines and 
to secure a sample of that liquid in 
proportion to the amount of flow 
through the line. 

‘The liquid varies in composition, 
carrying small 
soda, acid and 


being mainly water 
quantities of sugar, 
other impurities. 


“The flow 


varies from practically 


zero to 500 gallons per minute. (For 
this reason, any method employing 
weir boxes would not be practical.)” 


from a world 


company. We 


[This came by air mail 


famous sugar refining 


immediately suggested a shunt-orifice 


arrangement and supplied names of 
manufacturers of liquid meters, but it 


seems that no commercially available de 


vice iS ex: ct ly suitable, and the enor 
mous variation in flow-rate would seem 
to destroy the effectiveness of inv ar 


rangement in which the main flow. is 
with the aid of one 


discha rgve rea 


metered constriction 
having a constant 
But do not let our discussion throw vour 


imagination off the right track! 








THE INSTRUMENT PUBL 


ISHING COMPANY'S 


SUBJECT CLASSIFICATION 


Keep for Reference: It will not 
MEASUREMENT TECHNOLOGY (I 
Measurement Theory Definition t 
! in ..< (1.1) 
Measurement Practice ((al tior et (1.2) 
Iculation (1.3 


ay ee ot total and CONTROL TECHNIQUE (2) 
n niined to iny ne naus 

engineering 

ath, Angle, and Area (2.01) 

ne, Speed, and Acceleration (2.02) 

ight, Density, and Specific Gravity (2.03 

sure and Vacuum (2.04) 

ww and Volume (2.05) 

mperature (2.06) 

Heat and Combustion (2.07) 

Humidity and Moisture (2.08) 


v= 


wer, Work, and erc:* (2.09) 

ysical aly aca \ ity rdne 
ten n, et (2.10) 

uid Level (2.11) 


TESTING and INSPECTION (3) 
oratory Testing and Inspection (3.1) 
duction Testing and Inspection (3.2) 
ntenance Testing and Inspection (3 3) 


ELECTRICITY and MAGNETISM (4) 
trical Properties (4.1) 
ectrical Measuring Device 


and Applications (4.2 
3) 


“agnetic Measurements (4. 
‘gnetic Properties, Materials, and their Applica- 
tions (4.4) 


Photoelectric 
Electronic 


Issue 


be printed in every 


ELECTRONICS and RADIO 
Radio Measurements (5.1) 
Application of Radio-frequency Principles (5.2 
Measurements and Applications (5.3 
Measurements and Applications (5.4) 


ACOUSTICS and VIBRATIONS (f 
LIGHT, OPTICS, and RAYS (7 
Light—General (7.1) 
Color Analysis, Color 
Photometry (7.3 
Polarimetry (7.4 
Spectrometry (7 
Photography (7.6) 
Microscopy (7.7 
Electromagnetic Rays I 
Cathode Rays, Positive Rays, etc. (7.9 
CHEMISTRY (8 
ASTRONOMY, NAVIGATION, AVIATION (9 
GEODESY, GEOLOGY (10) 
INSTRUMENT DESIGN and CONSTRUCTION (1! 
GENERAL and MISCELLANEOUS (12) 
General (12.1) 
Miscellaneous (12.2 
Historical and Biographical (1 
Bibliographical (12.4 


Matching (7.2 


oe) 


Economic (12.5) 


CONTROL FUNCTIONING EQUIPMENT (13 
Mechanical (13.1) 
Electrical (13.2 


Electronic (13.3) 


elements in the 





Neoseam 
OSCILLOSCOPE 


“Makes Sound J isthle”’ 


Microvolt 
® 4-inch Calibrated Screen 


® Super-Sensitivity l 


® Self-contained Power Supply and 
Sweep System 
® Simplicity of Operation 


Latest 


development in oscilloscopes—uses 
Modulated Neon Beam principle—opens 
fields in audio measurement. Checks n u 
uuon, locates distortion. Excellent for amplif 
microphone and speaker response. Used wave 


form study or as a super-sensitive galvanomet 


nd vacuum tube voltmeter. The unit as illus 
trated measures 8°,” wide, 10” deep and 1 
high. Beautitul etched chrome finish 

Durable and fully guaranteed 


$40.00 


Net complete 


SUNDT ENGINEERING co. 


Affiliate of Littelfuse 
i250 LINCOLN AVENUI 


Laboratories 


CHICAGO 








“ALNOR” 
VELOMETER 


(Boyle System) 
Instantaneous 


Writ e for Ru 
Illinois Testing 
Laboratories 
Incorporated 


142 W. Austin Avenue 
Chicano. tilinols 

















HARDNESS 
TESTING... 


> WITH NO MENTAL HAZARDS 
The “ SCLEROSCOPE has done it f 
the past 29 years 
ba | l 
| in qenera use 


(-) | 





for spec ification 





purposes. Sim 
ple, sturdy 
Comparatively 


nexpensive 


Illustrated 
bulletins 


tree 


The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Avenue, Jamaica, N.Y 
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Cathode-ray Oscillograph Applications 


J } , 
(Continued trom page b12 


d oscillogram. If the resultant is a straight hori 
! ! d spl iced from the axis, either a d.c. is pres 
wave, or else the wrong location for the X axis 

ed 
lor a rough preliminary analysis it is necessary to 
noup the curves ilong only one ordinate. and this may 
done with measurements directly on the screen. If thes 


idd up to zero along any line drawn at random normal 
to the horizontal axis, the test can proceed to the next 
harmonic. In all of these tests, of course, distances be 
low the horizontal axis are given negative values while 
distances above this axis are positive. When certain har 
monics Are indi« ited a more compl te and accurate test 
can then be made 

In this way less photographs are necessary and the 
ictual computations will be less tedious. If desired one 
evcle of the wave form can be photographed and copies 
can be divided off into various numbers of segments and 


inalyzed in the same way. When a harmonic is discov 


ered the position where the resultant curve crossed thi 
horizontal axis with respect to the main curve (or a cor 
rected curve with the harmonic subtracted) will indicat: 
the relative phase difference between fundamental and 


Pi TInOni¢ 


MATHEMATICAL METHODS 

In contrast with the above graphical method, a large 
number of mathematical processes have been described, 
in which the heights of a certain number of spaced or 
dinates are substituted in a formula. 

he greater the number of the equi-spaced ordinates 
used, the greater the accuracy and the higher the har 
monics that can be determined, but the mathematical 
work becomes more tedious. Since many such systems 


have been repe atedly published, it is not necessary to 








g—4 + +\—+}—_—_+— —-+- 4 
\] | | 
Fig. 18 
take p other variations here. The following is based 


ipon dividing one evcle of the curve into six sections 


ihout the minimum number that ean be used). Desig- 


nate the values of the six ordinates y,, to Ys | Fig. 18). 
y { { COS 2 { cos 2a 1 cos 3a ? B sin 
B. sin 2a 
I values of the coetlicients can be found: 
l L/6ly y y y Y, Y; | 
{ ] iY ee 1/6) fhe ae - y,] 
! 1/3iy y 1/6, 9; + Yo + Is y; | 
| 1 Oly y.. | 1/6[y -y Ye t+ 9s] 
] 
B 7 y 7] Y, | 
2\/3 
l 
B LY / Y: 7 | 
2\/3 


When an adjustable linear time base oscillator is used. 
the timing frequency can be set at six times that of the 
measured wave, whereby the wave is automatically 
divided into six equal sections. The required values can 
then he 


through the diagram, or at either edge, but care must 


measured along any line drawn vertically 
be eXe rcised to correctly label the values in their true 
order consecutively. The diagram in this case corre 


sponds somewhat to Fig. 17A 
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RECORD: 





Indicator 


Analyzer Recorde 


Defender Patented CO» Recorders are by far the simplest 
est in size and lowest in price and are the finished prod 
our twenty years’ experimental and research work. 

New Bulletin 9-C shows stationary models and Bullets 


the Portable i n 1, 2 and pen Instrur 


DEFENDER AUTOMATIC REGULATOR CO., St. Loui 





This method of dividing up the oscillogram 
given number of equal divisions by adjusting the t 
base to the desired multipl frequency is more a 
than dividing up the fundamental wave by m 
ments, since any non-linearity of the timing bas 
vents the accurate location of the ordinates in the 
Casc. 

If inspection shows that even harmonics are al 
an accurate study can be made using only one half 
of the recorded oscillogram. ‘This half-period is likey 
divided into six sections, as in Fig. 19. 


If we let y A, cos «+A. cos 32-4 {- cos 
B, sin « + B, sin 3a + B,. sin 5a. If we start wher 
curve crosses the X axis so that y, 0, then 
A 1/6[y y; | 0.289 [ y y 
{ 1/3[y, Yo | 
A 1/6ly yy 0.289 | y Yy; | 
B 1/6[y4, + y,;] + 0.289 [ y ys] 1/3[y 
B 1/3i[y y¥, + y; | 
B 1/6[y, + y,] — 0.289 [ y y,)+ 1/38[y 


The student is fortunate who has access to equip! 
for building up known complex wave-forms synthet 
ly so as to get experience in recognizing the effects 


the phase and order of the harmonics. To Be Continued 





Photoelectric Photometers and Colorimeters 


Continued from page 311 
ready noted, there may be considerable variations fron 
cell to another. 

(b) The ordinary tungsten-filament lamps become yell 
with use, due to deposit of tungsten on the inside of the b 
and different lamps may have widely differing normal ope 
characteristics, though different lamps of the same typ« 
differ but slightly 

(c) Most glass filters are satisfactorily stable in the 
spectrum with ordinary usage, and dyed gelatine filters 
what less so. In case of loss or damage, however, it is diff 
to get an exact duplicate; this is particularly true of a 
filter from a different melt than the original. 

The net result of all this is that there always is s 
doubt whether results today are comparable with t! 
obtained a few weeks or a few months back; th 
especially true where replacements of the abov 
items have been necessary. A partial remedy for 
situation is possible if one has available a reliabl 
trol sample with which to test the instrument. 

2) If the various spectral characteristics of the 
strument are known, the measurements made will |! 


+} 


permanent value. For many materials they will at 


a sufficient spectrophotometric analysis, the values bi 


. . 2 18 
plotted as a function of wave-length” as for reg 


spectrophotometric data. To be conclu 


re wreau of Standar » ’ rou 
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etronies and Electron Tubes. by n Fig. 14, but this figurz cs curve en: , nd E D McArthur 
ART John Wiley & Sons representing the true poter il ¢ li { , , 
\ L936 Fabrikoid, 6 914 ent. (Howeve so well does the itho lation | D. MeArthur the d 
173 pages. Price $2.50 explain the pace-charge effect that Perhay I 
the eade in aimost draw irve fol ) ! ! \ i ect r 
ive appeared excellent theo himself o1 in < ad t t neide . "4 , P 
xts on electronics; there have with curve for all praetical purposes f natin bur , nt 
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